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ABSTRACT 
The Michelson Doppler Imager (MDI) aboard the Solar and Heliospheric Observatory observed the 
transits of Mercury on 2003 May 7 and 2006 November 8. Contact times between Mercury and the 
solar limb have been used since the 17th century to derive the Sun's size but this is the first time 
that high-quality imagery from space, above the Earth's atmosphere, has been available. Unlike other 
measurements this technique is largely independent of optical distortion. The true solar radius is still 
a matter of debate in the literature as measured differences of several tenths of an arcsecond (i.e., 
about 500 km) are apparent. This is due mainly to systematic errors from different instruments and 
observers since the claimed uncertainties for a single instrument are typically an order of magnitude 
smaller. From the MDI transit data we find the solar radius to be 960" .12 ± 0" .09 (696, 342 ± 65km). 
This value is consistent between the transits and consistent between different MDI focus settings after 
accounting for systematic effects. 
Subject headings: astrometry, Sun: fundamental parameters, Sun: photosphere 



1. INTRODUCTION 

Observations of the interval of time that the planet 
Mercury takes to transit in front of the Sun provides, 
in principle, one of the most accurate methods to mea- 
sure the solar diameter and potentially its long-term 
variation. Ground observations are limited by the spa- 
tial resolution with which one can determine the in- 
stant Mercury crosses the limb. Atmospheric seeing and 
the intensity gradient near th e limb (sometime s calle d 
the "black drop effect ", see iSchneider et al. I (|2004D : 
iPasachoff et al. I (J2005)) contribute as error sources for 
the precise timing required to derive an accurate radius. 
This is the first time accurate Mercury's transit contact 
times is measured by an instrument in space and im- 
proves at le ast 10 t imes th e accuracy of cla ssical obser- 
vations (see lBessell (|183 2): Gambart (1832)). 

About 2,400 observations of those contacts from 30 
transits of Mercury, di stributed during the las t 250 
years, were published bvlMorrison fc Ward I (119751). an d 
analyzed by iParkinson. Morrison fe S tephenson I (|198fj| ). 
Those measurements, collected mainly to determine the 
variations of rotation of the Earth and the relativis- 
tic movement of Mercury's perihelion provided a time- 
series of the Sun's diameter. Anal y zing t his data set, 
IParkinson. Morrison fc Stephenson! (|1980l ) marginally 
found a decrease in the solar semi-diameter of 0".14 ± 
0" .08 from 1 723 t o 1973, consistent with the analysis 
of iShapirol (|1980( ) which claimed a decrease of 0".15 
er century. Thos e variations are consistent with our 
Bush et al. 1 120101 ) null result and upper limit to secu- 
lar variations obtained from Michel son Doppler Image r 
(MDI) imagery of 0" .12 per century. iSveshnikov I (J2002D . 
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analyzing 4500 archival contact-timings between 1631 
and 1973, found that the secular decrease did not exceed 
0".06±0".03. 

Modern values found in the li terature for the solar ra- 
dius range from 958" .54 ±0" 12 dSanchez et al. II1995T ) to 
960" .62 ± 0" .02 (|Wittmannll2003D . Figure HI shows pub- 
lished measureme nts of solar radius oyer the last 30 years 

for a r eview see: iKuhn et al. I (|2004f ) ; lEmilio fc Leister! 

2005T k iThuTllier et al. I fj2005h ^l. Evidently these uncer- 
tainties reflect the statistical errors from averaging many 
measurements by single instruments and not the system- 
atic errors between measurement techniques. For exam- 
ple, our previous determination of the Sun's radius with 
MDI was based on a n optical model of all instrumen- 
tal distortion sources (jKuhn et al. 1 12004). The method 
described here has only a second-order dependence on 
optical distortion (although it is sensitive to other sys- 
tematics) and may be more accurate for this reason. 

2. DATA ANALYSIS 

The data consist of 1024 x 1024 pixel MDI-SOHO im- 
ages from fixed wavelength filtergrams of Mercury cross- 
ing in front of the Sun. Images were obtained with a one- 
minute cadence in both transits, cycling between four in- 
strument focus settings (focus blocks, FBs) in 2003 and 
two in 2006. For each image obtained at a given focus 
block, we subtracted a previous image of the Sun without 
Mercury using the same focus setting. This minimized 
the effects of the limb darkening gradient and allowed 
us to find the center of Mercury (Figure [2]) more accu- 
rately. In a small portion of each image containing Mer- 
cury we fitted a negative Gaussian. We adopt the center 
of the Gaussian as the center of Mercury. Images that 
were too close to the solar limb were not fitted because 
the black drop effect inflates our center-determination er- 
rors. The position of the center of the Sun and the l imb 
were calculated as described in [Emilio et al. I (|2000| ). A 
polynomial was fit to the x — y pixel coordinates of Mer- 
cury's center during the image time-series. This transit 
trajectory was extrapolated to find the precise geometric 
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Fig. 1. — Published measurements of solar ra dius in the last 32 y ears. Abscis s a valu e s are th e mean observation date s. The plus signs 
are dr ift scan measurements and they are from Wittmann (1980); Yoshizawa (1994); Ncckcl (1995); Brown & Christcnscn-Dalsgaard 
11998). The solar eclipses measurement s arc marke d with an aste r isk an d are from IFiala et al. I (19841: Kubo (1993); A kimov et al, 
11993); Kilic ct al. (2009); Sigismondi (2009); Adassuriva et al. (2011). Helioseismology measurements (diamonds) have a different 
definition of solar radius and can differ up to 300 km from the inflection point definition (Tripathv & Antia 1999). Helioseismology data 
are fr o m ISchou et al. (1997); Antia (1998). SDS measurements are show in triangle and are from [Sofia et ahl 1198 31: Maicr et al. I 
(1992); Egidi et al. (2006); Diafcr ct al. (2008). After applying systematic corrections to SDS measurement Diafcr ct al. (2008) found 
the value of 959". 798 ±0". 091 (showed in this figure as the upper triangle point in 1994). Th i s value is inside t he la error bar of th i s work . 
Published as trolabes measure ments are show in square symbols and arc from Noel (1995); Sanchez ct al. (1995); Loiter ct al. (1996); 
Laclarc ct al. (1996); Kilic (1998); Jilinski ct al. (1999); Laclarc ct al. (1999); Puliacv ct al. (20001: Golbasi et al. I H200H) ; [Emilio 
(2001); Andrei ct al. (2004); Noel (2004); Emilio & Leister (2005); Kilic ct al. (2005). The astrolabe measurements showed here are not 
correct for the atmospheric and instrumental systematic effects. When those corrections are made the final value is bigger than the ones 
displayed in this plot (sec Chollct & Sinccac (1999)). 



intersection with the limb by also iteratively accounting 
for the time variable apparent change in the solar radius 
(-0.221 ± 0.004 mas minute^ 1 in 2003 and 0.152 ± 0.003 
mas minute" 1 in 2006) between images. 

The same procedure was performed independently for 
each FB time-series. The contact times were found from 
a least-squares fit of Mercury's center position trajectory 
x FB (t) and y FB (t) to the intersection with the limb near 
first/second and third/fourth contact. Here FB are the 
FBs (3,4,5,6). As a consequence we obtained eight dif- 
ferent contact times for 2003 and four for 2006, one for 
each FB and two for each geometric contact. Figure [3] 
shows zoom images of the Sun containing Mercury close 
to the contact times for both 2003 and 2006 transits as 
well as the Mercury trajectory and the limb fit. 

FB 3 and 6 are far from an ideal focus, as Figure 2] 
(upper) and Figure [7] show, so that the shape of the limb 
darkening function (LDF) is different enough that it is 
difficult to compare corresponding transit points with the 
near-focus images. Those focus block were not utilized in 
further analysis. We note also that FB 6 data contained 
a ghost image of Mercury which added new systematic 
errors to the data. 



The total transit time was thus obtained with an ac- 
curacy of 4 s in 2003 and 1 s in 2006 from a comparison 
of FB 4 and FB 5 data. The correction to the radius is 
found from the relation (|Shapiro I ll980). 
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where ui is the speed of Mercury relative to the Sun, T is 
the total length of the transit, Rq is the apparent value of 
the solar radius at 1 AU from the ephemeris for each tran- 
sit instant (where we adopt 959" .645 (696, 000 ± 40km) 
for the nominal solar radius) and AT°~ C is the differ- 
ence between the observed and ephemeris duration of 
the transit. Table [T] shows the ephemeris values used in 
this analysis. We have used the NASA ephemeris cal- 
culations Q provided by NASA for the SOHO Mercury 
transit observations. Ephemeris uncertainties for the ab- 
solute contact times are not greater than 0.18 s based on 
the SOHO absolute position error. Using the above equa- 
tion we found the solar radius values to be 960" .03±0" .08 
(696, 277 ± 58km) and 960" .07 ± 0" .05 (696, 306 ± 36km) 

4 see http://sohowww.nascom.nasa.gov/soc/mercury2003/ 
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TABLE 1 

Mercury transit ephemerides 



Year 



First Mercury Contact 



Second Mercury Contact a 



Mercury Center Transit Duration 
(minute) 



Mercury Velocity 
(arcsec minute -1 ) 



2003 
2006 



50.433 b 
10.458 c 



374.342 
307.059 



323.909 
296.601 



4.102 
5.968 



a Center contacts in (min). 
b UTC-7 hr of 2003 May 7. 
c UTC-20 hr of 2006 November 8. 




Fig. 2. — Composite image of two Mercury transits in 2003 May 
(top, 4 minute cadence) and 2006 November (bottom, 2 minute 
cadence). Images were taken with one-minute cadence in both 
transits, intercalating four different focus blocks in 2003 and two 
focus blocks in 2006. Both images showed here are at focus settings 
4. 

for the 2003 and 2006 transits respectively. Uncertainties 
were determined from the scatter in the two FB settings 
from each epoch. We note that the observed absolute 
transit contact times are offset 8 s in 2003 and 5 s in 
2006, both inside our 2<j error. 

Our accurate determination of the limb transit points, 
compared with the ephemeris predictions, implies that 
the orientation of the solar image is slightly rotated from 
the solar north pole lying along the y axis. We find that 
the true solar north orientation is rotated 7'± 1' counter- 
clockwise in 2003 and 3'. 3 ± 0'.3 arcmin in 2006. Table [2] 
summarizes our results from this analysis. 

3. SYSTEMATICS DEVIATIONS 

3.1. Numerical Limb Definition 

The solar radius in theoretical models is defined as 
the photospheric region where optical depth is equal to 
the unity. In practice, helioseismic inversions determine 
this point using f mode analysis, but most experiments 
which measure the solar radius optically use the inflcc- 
tion point of the LDF as t he definition of the solar radius. 
iTripathv fc Antial (1999) argue that the differences be- 
tween the two definitions are between 200 and 300 km 
(0". 276-0". 414). This explains why the two helioseismo- 
logic measurements in Figure Q] show a smaller value. 
The convolution of the LDF and Earth's atmospheric 
turbulence and transmission cause the inflection point 



to shift. The effect (corrected by the Fried parameter 
to infinity) is at t he order of 0". 123 for tq = 5cm and 
1".21 r = 1cm (jDiafer et al. I I2008D and depends on 
local atmospheric turbulence, the aperture of the instru- 
ment and the wavelength resulting in an observed so- 
lar ra dius smaller than the true one (|Chollet fe Sinceacl 
119991 ) . Many of the published values were not corrected 
for the Fried parameter which may explain most of the 
low values seen in Figure [TJ 

We analyzed some systematics regarding the numer- 
ical calculation of the inflection point. The numerical 
method to calculate the LDF derivative used is the five- 
point rule of the Lagrange polynomial. The systematic 
difference between the three-point rule that is used by 
default in the interactive data language derivative rou- 
tine, is 0.01 pixels for FB 5 up to 0.04 pixels for FB 6. 
In this work we defined the inflection point as the maxi- 
mum of the LDF derivative squared. From those points 
we fit a Gaussian plus quadratic function and adopt the 
maximum of this function as the inflection point. Adopt- 
ing the maximum of the Gaussian part of the fit instead 
differs 0.001 pixels for FB 3,4,5 and five times more for 
FB 6. The quadratic function part is important since the 
LDF is not a symmetric function. Figure [5] compares the 
gaussian plus quadratic fit to find the function maximum 
with only fitting a parabola using 3 points near the max- 
imum. They differ 0.01, -0.06, 0.04 and -.05 pixels for FB 
3, 4, 5 and 6 respectively. The statistical error sampling 
for all the available data after accounting for changing 
the distance is 0.0002 pixels for FB 5 and 0.0003 pixels 
for FB 6. Figure [7] shows a close up of Mercury for each 
focus block where we can visually see a spurious ghost 
image of FB 6 since this FB is far from the focus plane. 
That can explain why the numerical methods gave more 
difference for this FB. By fitting a parabola over the solar 
image center positions as a function of time, we also took 
into account jitter movements of the SOHO spacecraft. 
Solar limb coordinates and the Mercury trajectory were 
adjusted to the corrected solar center coordinate frame. 
This procedure made a correction of order of 0.01 pixels 
in our definition of the solar limb. Smoothing the LDF 
derivative changes the inflection point up to .35 pixels 
that is the major correction we applie d in our previous 
published value in Kuh n et al. I (|2004f ) . We describe all 
corrections applied to this value at the end of this section. 

3.2. Wavelength 

MDI made solar observations in five different posi- 
tions of a line center operating wavelength of 676 .78 
nm. Conforming Figure 1. of iBush et al. I (|2010l) at 
line center, the apparent solar radius is 0.14 arcsec or 
approximately 100 km larger than the Sun observed in 
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FB = 3 FB = 4 FB = 5 

UTC = 07:54:45 UTC = 07:55:45 UTC = 07:56:45 

(a) 2003 Mercury Transit - 1 st and 2 nd contacts 



FB = 6 ^H FB = 3 ' FB = 4 

UTC=13:13:-W UTC=1 3:14:430 UTC=13:15:- 

(b) 2003 Mercury Transit - 3 rd and 4 th contacts 







FB=5 

UTC = 00:59:43 



k. L. 



12:43 




20:13:43 




= 20:14:43 



^ UTC = 20:16:43 ^^ 





FB = 5 FB = 4 

= 20:15:43 ^ UTC = 20: 1 6:43 ^ UTC = 20:17:43 

(c) 2006 Mercury Transit - 1 st and 2 nd contacts 



FB = 4 
UTC=1:02 

m/M/M 

(d) 2006 Mercury Transit - 3 rd and 4 th contacts 



Fig. 3. — Images near the contact times for both 2003 and 2006 transits as well as the Mercury trajectory fit and the solar limb fit. 
Mercury center geometric x and y contact positions with the solar limb where found from the interception of those fits, (a) 2003 Mercury 
transit: first and second contacts, (b) 2003 Mercury transit: third and fourth contacts, (a) 2006 Mercury transit: first and second contacts, 
(b) 2006 Mercury transit: third and fourth contacts 



nearby continuum. We used a single filtergram nearby 
the continuum in this work. Comparison with the com- 
posite linear composition of filtergrams r epresent i ng the 
continuum differs from 0.001 arcmin. iNeckel I (1995) 
suggest the wavelength correction due to the (contin- 
uum) increases with wavelength. Modern models confirm 
this d ependence with a smaller correction. iDiafer et al. I 
(2008) compu ted the contrib ution of wavelength using 
iHestroffer fc Magnan I (|1998|) model. Ac c ording to this 
model and others cited by IDiafer et al. I (|2008l ) the so- 
lar radius also incre ases with wavelength (see Fig. 1 of 
iDjafer et al. I (|2008f )). The correction at 550 nm is on the 



order of 0" .02 and was not applied since the dependence 
of wavelength for the point-spread function (PSF) contri- 
bution goes to the opposite direction and the correction 
is inside our error bars. 

3.3. Point- spread- Function (PSF) 

The MDI PSF is a complicated function since different 
points of the image are in different focus positions (see 
iKuhn et aT~l ()2004D for description of MDI optical dis- 
tortions). In our earlier work the non-circular low-order 
optical aberrations are effectively eliminated by averag- 
ing the radial limb position around the limb, over all 
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Fig. 4. — Top: the best focus position fit when the two mercury transits happened. 2003 Mercury transit date is shown as a dotted line 
and 2006 Mercury transit as a long dashed line. From the intersection of those lines with the best focus position fit (dashed line) we found 
that the best focus positions are 4.94 and 5.35 for 2003 and 2006 Mercury transits respectively. Bottom: linear fit as a function of focus 
block. Once again the 2003 Mercury transit best focus position is shown as a dotted line and 2006 Mercury transit as a long dashed line. 
The mean value is shown as a dashed line. We looked for the intercept positions with the best estimate of the focus for 2003 and 2006 
Mercury transits (solid line). The intercept values with the linear fit are the same for both 2003 and 2006 and represent our correction for 
the changes in focus. 
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TABLE 2 

TRANSIT OBSERVATION 














2003 








2006 




Focus Settings 


Transit Duration 
(minute) 


a 


Solar Radius 
(arcsec) 


Transit Duration" 
(minute) 




Solar Radius 
(arcsec) 


3 

1 

5 
6 


324.16 
324.11 
324.25 
324.33 




960.00 
959.92 
960.13 
960.24 


296.74 
296.77 






960.03 
960.10 


Average b 


324.18 




960.03 


296.75 






960.07 


P(O-C) 




7'±1' 






3' 


.3±0'.3 





Transit duration for Mercury transit contact times 

Only FB 4 and FB 5 focus settings were used for the 2003 data (sec the text for details). 



angular bins. But in the case of the Mercury transit, 
only two positions at the limb apply so that it is im- 
portant to recognize that the LDF (and the inflection 
point) will systematically vary around the limb. The 
overall contribution to the PSF of the solar image in- 
creases with increasing telescope aperture, and decreases 
with inc reasing observ i ng wa velength as noted in the last 
section. iDiaf eret al. I (|2008f) computed the contribution 
of the MDI instrument PSF at its center operating wave- 
length of 676.78 nm assuming a perfectly focused tele- 



scope dominated by diffra ction. The authors made use 
of the solar limb model of Hcstroffcr & Mag nan I (|1998[ ) 
to calculate the inflection point. They found that the 
MDI instrumental LDF inflection point was displaced 
0" .422 inward at 'ideal focus' from the undistorted LDF, 
but the authors used a MDI aperture of 15 cm instead 
of actual aperture diameter of 12.5 cm. In addition, 
we do not find the pixelization effect cited by the au- 
thors. P SF and wavelength correction for SDS calcu- 
lated by ()Diafer et al. I l200~8h resulted in a diameter of 
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Fig. 5. — Different MDI focus positions result in a different size of the Sun in pixels. Both Mercury and Sun are subject to the same 
instrumental effects but since only the contact times are used to calculate the solar radius this effect is reduced. The linear trend of radius 
with time in this plot is due to the change of distance of SOHO from the Sun. All measurements were used to interpolate the solar size in 
pixels at the times of contacts (dashed lines). The triple-dot-dashed line indicates the middle of 2003 Mercury transit. The figure also shows 
two different techniques to calculate the inflection points. The first one (dots) is a fit of a Gaussian plus quadratic to the squared radial 
derivative of the LDF. The second (lines) is fitting a parabola on the same function. Those differences reflect the systematic uncertainty 
in defining the solar radius. 

tenths of an arcsec for out-of- focus images. The Mercury- 
image will also be subject to the same distortion, but 
the inflection point moves from the first/second contact 
to the third/forth contact. We see this systematic at dif- 
ferent FB since the total transit time grows for bigger 
focus settings (see Table [2]). 

Figure H] (top) shows the best focus setting over the 
MDI history. From a polynomial fit we derived the best 
focus position for the transit. For 2003, this value is 4.94 
FB units (solid line) and in 2006 it was 5.35 (long dashed 
line). We made a first order correction to account for 
the out-of-focus condition of the instrument during each 
transit. Figure 2] bottom shows the values found for the 
solar radius at different focus settings. The 2003 transit 
values are represented as "diamonds" and 2006 transits 
as "upper triangles" . As we have only two focus settings 
in 2006 we represent the function as a line. As the best 
focus is not so far from FB 5, the systematic error for 
adopting a line is small. The vertical lines (for 2003 we 
plot a short dashed line and 2006 the long dashed line) 
represent the best focus position for each year. With a 
linear interpolation we found the effective solar radius at 
best focus for both transits. The 2003 and 2006 focus 
correction resulted in a value of 960" .12 for both years. 



959" . 798 ± 0". 091 (|Diafer et al. 1 I20081) . The original 
value found by C alern astrolabe (CCD ob servations) is 
959" .44 ± 0". 02 (|Chollet fc Sinceac I fl99ll . After ap- 
plying a model taking into account atmospheric and 
instrumental effects (with Fried parameter, r — > oo) 
IChollet, fc Sinceac I (fl99flh foun d 959" .64 ± 0" .02. From 
this value iDiafer et al. I (|2008l) applied PSF and wave- 
length correction and obtained 959". 811 ± 0.075. 

3.4. Focus variation 

The overall focus of the instrument is adjusted by in- 
serting BK7 and SF4 glass of different thickness into the 
optical path after the secondary lens in order to vary 
the optical path length. The MDI focus changes oc- 
cur in nine discrete increments using sets of three glass 
blocks in the two calibration focus mechanisms. Increas- 
ing the FB number by one unit moves the nominal fo- 
cus towa£d_Jheprhnary lens by 0.4 mm. As described 
by iKuhn et al. I (|2004f ) a change in the focus condition 
causes a net change in the image plate scale, but it also 
changes the shape of the LDF which affects the inflection 
point. Figure [6] plots the mean LDF averaged around 
the limb for the various limb focus conditions during the 
two transits. The curves are shifted to account for the 
plate scale change by matching the half-intensity dis- 
tance. The data here show how the defocused image 
causes the inflection point to move to larger radii, thus 
implying a larger solar diameter by as much as a few 



3.5. Systematics Effects from our previous 2004 MDI 
Solar Radius Determination 
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Fig. 6. — Top: mean LDfs at 2003 transit, one for each FB settings. Bottom: derivative squared of top Ldfs. The dashed lines indicate 
the inflection point location calculated from a Gaussian plus quadratic fit from the derivative squared points. 

The largest residual error comes from the variation in 
focus condition across the image. Figure [6] shows four 
typical LDF's at the middle of the 2003 transit (one for 
each FB). Each LDF in Figure [5] is evaluat ed as a mean 
over t he whole image. In contrast with iKuhn et al. I 
(2004), here we calculate mean LDFs around the solar 
limb. This is accomplished by using the computed limb- 
shift at each angle (which depends on the average LDF) 
to obtain a distortion corrected mean LDF. We iterate 
with this corrected LDF to obta in improved limb sh ift 
data and an unsmeared LDF (see lEmilio et al.~l (|2007ft ). 
We have also improved the LDF inflection point calcu- 
lation from the local unsmeared LDF following the dis- 
cussion in Section 3.1. Applying the above modifications 
the solar radius in pixels at the 2003 transit for FB 4 is 
48 4.192 pixels a t the m iddle of the transit (it was 484.371 
in IKuhn et ai~l (l200l l. 

Our 2004 result obtained the mean image platescale 
by combining a detailed optical raytrace model and the 
measured solar radius change with FB. We also derived 
what we called the "symmetric pincushion image distor- 
tion" from the apparent path of Mercury across the solar 
image. These two effects are contained in the empirical 
plate-scale measurement so that we should not have in- 
dependently applied the symmetric distortion correction 
to the corrected plate-scale-data. After correcting the 
plate-scale only a non-circularly symmetric correction (- 
0.32 pixels) was needed. With this correction we obtain 
483.872 ± 0.05 pixels for the FB4 2003 Mercury transit 
solar radius. With the FB 4 calibration of 1.9870±0.0002 
pixel -1 the corrected solar radius is 961". 45 ± 0".15 (as 
seen from SOHO). During the middle of the 2003 tran- 




FlG. 7. — Close-up of Mercury observed by MDI. FB 6 is far from 
the instrument focal plane and has large systematics including a 
spurious ghost image. 

The solar radius we determine from the transit data 
is bigger than our published 2004 MDI results that were 
obtained from a detailed optical distortion model. In 
the process of understanding the transit measurements 
here we have found several systematic effects that affect 
these and our 2004 measurements. Observing from space 
allows us to measure and correct for field-dependent PSF 
errors that would normally be too small to separate from 
an atmospheric seeing-distorted solar image. 
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Fig, 8. — Residual variation of the solar radius (dots; [Bush et al~l 
(2010)) and the residual values found in this work for the Mer- 
cury transit after averaging the focus blocks settings (" diamonds" ) . 
Solid line represents the moving average values and the dashed line 
a linear fit from all the residual variation of the solar radius. 

sit, SOHO was 0.99876 AU from the Sun, so that the 
apparent solar radius at 1 AU is then 960". 26 ± 0".15. 
This value is consistent with the la uncertainty in the 
Mercury timing radius derived here. 

4. CONCLUSION 

We now find a consistent value for the solar radius from 
Mercury transit timing, and satellite solar imagery using 
MDI. The averaged O-C transit duration uncertainties 



are 3 s in 2003 and 1 s in 2006. The value we found 
for the solar radius as defined by the apparent inflec- 
tion point of the continuum filtergram images of MDI is 
960".12±0".09 (696, 342±65km). This is consistent with 
earlier MDI absolute radius measurements after taking 
into account systematic corrections and a calibration er- 
ror in the 2004 optical distortion measurements. We also 
obtain an MDI solar reference frame, counterclockwise, 
p angle correction of 7' ± 1' in 2003 and 3'. 3 ± 0'.3 in 
2006. Figure [5] sho ws the residual variation of the solar 
radius (B ush et al. 1120101) and the residual values found 
in this work for the Mercury transit after averaging the 
focus blocks settings. As seen in Figure [5] no variation of 
the solar radius was observed over 3 years between the 
two transits. 
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